Hybridization is not always limited to two species; often multiple species are interbreeding. In birds, there are numerous examples of species that hybridize with multiple other species. The advent of genomic data provides the opportunity to investigate the ecological and evolutionary consequences of multispecies hybridization. The interactions between several hybridizing species can be depicted as a network in which the interacting species are connected by edges. Such hybrid networks can be used to identify 'hub-species' that interbreed with multiple other species. Avian examples of such 'hub-species' are Common Pheasant (Phasianus colchicus), Mallard (Anas platyrhynchos) and European Herring Gull (Larus argentatus). These networks might lead to the formulation of hypotheses, such as which connections are most likely conducive to interspecific gene flow (i.e. introgression). Hybridization does not necessarily result in introgression. Numerous statistical tests are available to infer interspecific gene flow from genetic data and the majority of these tests can be applied in a multispecies setting. Specifically, model-based approaches and phylogenetic networks are promising in the detection and characterization of multispecies introgression. It remains to be determined how common multispecies introgression in birds is and how often this process fuels adaptive changes. Moreover, the impact of multispecies hybridization on the build-up of reproductive isolation and the architecture of genomic landscapes remains elusive. For example, introgression between certain species might contribute to increased divergence and reproductive isolation between those species and other related species. In the end, a multispecies perspective on hybridization in combination with network approaches will lead to important insights into the history of life on this planet.
Background
Traditionally, hybridization has been studied by comparing species pairs, mostly in the context of hybrid zones (Moore 1977; Barton and Hewitt 1985; Harrison 1993) . However, hybridization is not always limited to two species, multiple species might interbreed. This multispecies perspective of hybridization raises several questions: How common is multispecies hybridization? How does reproductive isolation evolve between several interacting species? How is the landscape of genomic differentiation shaped by multispecies hybridization? What patterns of gene flow are observed when several species are exchanging genetic material? Birds are an excellent study system to answer these questions. Hybridization is a common phenomenon in this group of animals and several bird species interbreed with more than one species (Price 2008; Ottenburghs et al. 2015) . Specifically, the advent of genomic data provides ornithologists with the opportunity to explore the ecological and evolutionary consequences of multispecies hybridization (Kraus and Wink 2015) .
How common is multispecies hybridization?
To quantify the incidence of multispecies hybridization in birds, I used records from the Serge Dumont Bird Hybrid Database (http://www.bird-hybri ds.com, Additional file 1) for six bird orders that are prone to interbreeding (Ottenburghs et al. 2015) : Anseriformes (waterfowl), Galliformes (wildfowl), Charadriiformes (waders, gulls and auks), Piciformes (woodpeckers), Apodiformes (hummingbirds and swifts) and Passeriformes (songbirds). In general, most species hybridized with only one other species, but in each of the six bird orders multispecies hybridization occurs frequently (Fig. 1) . In some bird orders, outliers (i.e. species that hybridize with many other species) are clearly visible, namely Mallard (Anas platyrhynchos) in Anseriformes, Common Pheasant (Phasianus colchicus) in Galliformes, and European Herring Gull (Larus argentatus) in Charadriiformes. Interestingly, these outliers have a large distribution range, providing ample opportunity to interact and potentially interbreed with several other species. It does raise the question whether these species mostly hybridize with closely related species or have hybrids with distantly related species (e.g., intergeneric hybridization) been observed? This question can be addressed by the construction of networks (Proulx et al. 2005; Ottenburghs et al. 2016) .
A network is any collection of units potentially interacting as a system. In the simplest case, a network can be represented by a set of uniform nodes (e.g., species) connected by undirected edges that correspond to particular interactions (e.g., hybridization). One could, for instance, connect all the species that are known to have produced hybrid offspring (in nature and captivity). Figure 2 shows such hybrid networks for three bird orders with the highest incidence of hybridization: Anseriformes, Galliformes and Charadriiformes. Analyses of these networks can also identify certain 'hub-species' that interbreed with numerous other species. For example, in the Anseriformes, the Mallard has hybridized with at least 39 different species. Most hybridization events concern closely related species, such as the Black Duck Fig. 1 The incidence of multispecies hybridization in six bird orders (Anseriformes, Galliformes, Charadriiformes, Piciformes, Apodiformes and Passeriformes). In general, most species hybridized with only one other species, but in each of the six bird orders multispecies hybridization occurs frequently. Noteworthy outliers are Mallard (Anas platyrhynchos, 39 hybrids, Anseriformes), Common Pheasant (Phasianus colchicus, 14 hybrids, Galliformes) and European Herring Gull (Larus argentatus, 11 hybrids, Charadriiformes). Records based on the Serge Dumont Bird Hybrid Database (http://www.bird-hybri ds.com, Additional file 1) (A. superciliosa) in Australia and New Zealand (Taysom et al. 2014) ; the Hawaiian Duck (A. wylvilliana) on the Hawaiian Islands (Fowler et al. 2009 ); the American Black Duck (A. rubripes) and the Mottled Duck (A. fulvigula) in North America (Mank et al. 2004; Peters et al. 2014) ; the Spot-billed Duck (A. zonorhyncha) in Russia and China (Kulikova et al. 2004; Wang et al. 2018) ; and the Mexican Duck (A. diazi) in Mexico (Lavretsky et al. 2015) . However, hybrids between Mallard and more distantly related species have also been documented. For example, Mallard × Red-crested Pochard (Netta rufina) hybrids are relatively common in Central Europe (Randler 2008 ) and in captivity a hybrid between Mallard and Greylag Goose (Anser anser) has been produced (Poulsen 1950) . In the case of Galliformes, Common Pheasant is connected with 14 other species, including species from the subfamilies Tetraoninae (grouse) and Meleagridinae (turkeys). Here, the numerous hybrid interactions of this species can be explained by human-mediated introductions across the globe (Drake 2006) , leading to several intergeneric hybrids. In contrast, the European Herring Gull mostly interbreeds with closely related species of the Larus species complex (Sonsthagen et al. 2016) . In summary, the hybrid networks provide insights into the patterns of hybridization of these 'hub-species': the extensive records of Mallard and Common Pheasant hybrids are the result of interbreeding with both closely and distantly related species, while the European Herring Gull only hybridizes with other closely related gull species.
A next step could be to quantify the frequency of hybridization between the different species and adjust the weight of the edges accordingly. This approach is illustrated in Fig. 3 by the Wood-warbler family (Parulidae), a group of passerines that exhibit interesting patterns of multispecies hybridization (Lovette and Bermingham 1999; Willis et al. 2014; Toews et al. 2018 Vallender et al. 2007; Irwin et al. 2009b; Krosby and Rohwer 2009; Toews et al. 2016 ). This approach might eventually lead to the formulation of hypotheses, such as which connections are most likely conducive to introgression. For example, species that hybridize regularly have a higher chance of exchanging genetic material. Clearly, these hybrid networks are an important starting point for further exploration of multispecies hybridization.
A special case of multispecies hybridization concerns three-way hybrids, in which an individual has ancestry of more than two species. For example, Toews et al. (2018) documented how a female hybrid between a Golden-winged Warbler and a Blue-winged Warbler successfully reproduced with a Chestnut-sided Warbler (Setophaga pensylvanica). Another example of a three-way hybrid was described in geese where a hybrid between Swan Goose (Anser cygnoides) and Snow Goose (A. caerulescens) paired up with a Barnacle Goose (Branta leucopsis) and produced offspring (Dreyer and Gustavsson 2009) . These observations of 'hybridizing hybrids' could provide alternative routes for gene flow between distantly related taxa. However, it remains to be determined how common such threeway hybrids are and how often these cases result in introgression.
Multispecies introgression
Hybridization does not necessarily result in introgression, i.e. the exchange of genetic material from one (sub) species into the gene pool of another by means of hybridization and backcrossing (Arnold 2006) . Hybrids might be sterile or unable to attract a partner. The recent developments in avian genomics provide valuable resources to explore whether or not multispecies hybridization leads to introgression (Kraus and Wink 2015; Ottenburghs et al. 2017a) . Although most statistical methods have been developed to quantify introgression between two hybridizing species, some approaches can be transferred to a multispecies setting.
Model-based clustering methods, such as STRU CTU RE (Pritchard et al. 2000) and ADMIXTURE (Alexander et al. 2009) , are often used to visualize the genetic ancestry of individuals. This approach can be used to pinpoint individuals whose genomes show signs of ancestry from multiple sources. For example, based on a STRU CTU RE analysis of microsatellites, Thies et al. (2018) uncovered a putative hybrid zone between three subspecies of the Common Ringed Plover (Charadrius hiaticula). However, the output from these model-based clustering methods should not be taken at face value. Other demographic processes, such as ancestral polymorphisms, bottlenecks or admixture with extinct populations, can produce similar ancestry plots (Novembre 2016; Lawson et al. 2018) . For example, the panmictic Savannah Sparrow (Passerculus sandwichensis) is comprised of two divergent mitochondrial lineages. This genetic structure suggests that one mitochondrial variant introgressed from another species. However, detailed analyses revealed that the divergence in mtDNA occurred within the large panmictic population (Benham and Cheviron 2019) . That is why it is important to present these results alongside other methods with different assumptions about the underlying model, such as admixture graph (Leppälä et al. 2017) or TreeMix (Pickrell and Pritchard 2012) . A recent method, named badMIXTURE, assesses how well different models of admixture fit the observed patterns of genetic ancestry (Lawson et al. 2018) . This approach has only been tested on human data, but seems promising to detect multispecies introgression in other taxa.
A useful statistic for detecting multispecies introgression from genetic data is the D-statistic (Durand et al. 2011; Patterson et al. 2012) , which was originally developed to check for ancient gene flow between humans and Neanderthals (Green et al. 2010 P2 and P3) and an outgroup (O). Next, ancestral (' A') and derived ('B') alleles are determined across the genomes of four taxa. Two particular allelic patterns-' ABBA' and 'BABA'-are of interest. Under a scenario of no gene flow, one expects both patterns to occur in equal frequencies. An excess of ' ABBA' or 'BABA' patterns suggests gene flow between P2 and P3 or P1 and P3, respectively. This method has been extended to more taxa allowing for identifying the direction of gene flow (Eaton and Ree 2013; Pease and Hahn 2015) . The D-statistic has been applied to probe patterns of multispecies introgression in Darwin's finches (Lamichhaney et al. 2015) , crows (Vijay et al. 2016) , geese (Ottenburghs et al. 2017b ) and wheatears (Schweizer et al. 2019 ).
Another procedure is to look for signs of introgression within the genome. When multiple species have been exchanging genetic material, different parts of the genome are expected to show different evolutionary histories. Reconstructing phylogenetic trees in sliding windows across the genome can thus uncover potential introgressed regions (Gante et al. 2016; Martin and Van Belleghem 2017) . This approach is nicely exemplified by a genomic analysis of the Italian Sparrow (Passer italiae), a hybrid species between House Sparrow (P. domesticus) and Spanish Sparrow (P. hispaniolensis) that originated about 10,000 years ago (Hermansen et al. 2011; Elgvin et al. 2017; Ottenburghs 2018; Runemark et al. 2018) . In some parts of the genome, Italian Sparrow clusters with House Sparrow, while in other parts it is more closely related to Spanish Sparrow (Elgvin et al. 2017) . A complementary approach is to construct local PCA (Principal Component Analysis) plots for each window and consequently explore genomic regions that show concordant patterns (Li and Ralph 2019) . Windows with introgressed loci are expected to show lower levels of genetic diversity between hybridizing species. This expectation can be explored with various summary statistics that quantify relative sequence divergence (F st ), absolute sequence divergence (D xy ) and nucleotide diversity (π). Each of these statistics captures a particular aspect of genetic diversity and they should thus be considered jointly in order to discriminate between introgression and other processes, such as linked selection or population bottlenecks . The often challenging interpretation of summary statistics can be facilitated by machine learning approaches, in which an algorithm is trained to classify data points into groups (e.g., introgressed vs. non-introgressed loci). For example, a recent study pinpointed introgressed loci between Drosophila simulans and D. sechellia using a machine learning algorithm based on a suite of summary statistics . Simulations based on the most likely demographic model were used as training data to learn the algorithm how to recognize introgressed regions from a number of summary statistics. Moreover, showed that their machine learning algorithm was able to identify introgressed loci with higher accuracy compared to analyses that rely on single summary statistics. The application of machine learning to population genetic questions is relatively new, but can certainly be implemented in an avian study system .
Detecting introgression between multiple species is only one step in understanding the evolutionary history of a hybridizing species group. To further explore the nature of introgressive hybridization, a modelling approach is often warranted. Isolation-with-migration (IM) models have been developed to infer gene flow parameters between two populations, along with divergence times and effective population sizes (Hey and Nielsen 2004) . These models can be extended to multiple populations (Hey 2010) and have been used to explore multispecies introgression in birds. For instance, Reifová et al. (2016) characterized patterns of introgression between three hybridizing Acrocephalus warblers using IM-models. They found evidence for unidirectional gene flow from Reed Warbler (A. scirpaceus) to Marsh Warbler (A. palustris) and from Reed Warbler to Blyth's Reed Warbler (A. dumetorum). Similarly, a study on three Icterus orioles applied IM-models to describe gene flow patterns (Jacobsen and Omland 2012) . They concluded that "only by including all members of this group in the analysis was it possible to rigorously estimate the level of gene flow among these three closely related species. " This indicates the importance of considering multispecies introgression in studies of avian hybridization.
Although IM models are useful to quantify the amount of gene flow between diverging populations, these models cannot be applied to probe more complex models (e.g., with alternating periods of gene flow and isolation). There are several approaches to explore these complex models, ranging from coalescent-based simulators to the use of diffusion equations (Schraiber and Akey 2015) . Coalescent-based simulators, such as Fast-SIMCOAL2 (Excoffier and Foll 2011) and COALHMM (Hobolth et al. 2007) , have been applied to infer gene flow between avian (sub)species pairs (e.g., Chattopadhyay et al. 2017; Raposo do . To my knowledge, these methods have not been applied to a multispecies setting in birds. However, studies in other animal groups indicate that these coalescent-based simulators are promising to detect gene flow between several species (Palkopoulou et al. 2018; Roman et al. 2018) . Another modelling approach relies on diffusion models, which use a continuous approximation to the population genetics of a number of individuals evolving in discrete generations. An important underlying assumption is that changes in allele frequencies across generations are small (Gutenkunst et al. 2009 ). Similar to the coalescent-based methods discussed above, diffusion models have been applied to explore gene flow between two bird species (e.g., Toews et al. 2016; Oswald et al. 2017; Zhang et al. 2017 ) but remain to be applied in an avian multispecies setting. Finally, Approximate Bayesian Computation (ABC) modelling allows for the comparison of multiple scenarios that differ in the amount and timing of gene flow (Beaumont 2010; Csilléry et al. 2010 ). This approach has been used to infer patterns of gene flow between hybridizing species pairs, such as Ficedula flycatchers (Nadachowska-Brzyska et al. 2013) and Amazilia hummingbirds (Rodríguez-Gómez and Ornelas 2018). Moreover, Nater et al. (2015) compared different scenarios of divergence and gene flow involving four species of blackand-white flycatcher to obtain the most likely species tree, showing that the ABC framework can be extended to multiple species. Each of these approaches comes with its own assumptions (e.g., selective neutrality or small changes in allele frequency) and one should be aware of these when inferring patterns of gene flow (Schraiber and Akey 2015) .
The widespread occurrence of multispecies introgression can hinder the estimation of phylogenetic trees, and in some cases a classic bifurcating tree cannot capture the reticulated evolutionary history. Here, a phylogenetic network approach is warranted (Kutschera et al. 2014; Edwards et al. 2016; Mallet et al. 2016; Ottenburghs et al. 2016) . A phylogenetic network extends the phylogenetic tree model by allowing for horizontal edges that indicate the exchange of genetic material through introgression. Several methods have been developed to estimate phylogenetic networks from genetic data based on maximum parsimony (Yu et al. 2013) , maximum likelihood (Wen and Nakhleh 2017) and Bayesian approaches . Available software packages include SplitsTree (Huson 1998) , TreeMix (Pickrell and Pritchard 2012) , PhyloNetworks (Solís-Lemus et al. 2017) , and PhyloNet . Recently, Bayesian inference of phylogenetic networks was also implemented in the popular phylogenetic software BEAST2 . The development of these network methods is still in its infancy and several software packages cannot handle large genomic data sets yet.
The usefulness of taking introgressive hybridization into account when estimating species trees-or networks-is nicely illustrated by a recent study on the Ashbreasted Antbird (Myrmoborus lugubris). This passerine species inhabits the floodplain forests along the Amazonian rivers and is divided into four subspecies: lugubris, berlepschi, femininus and stictopterus. Species tree estimation methods that do not consider hybridization clustered femininus and lugubris, while methods that take hybridization into account revealed that these subspecies are not sister clades. Instead, it turned out that femininus is sister to stictopterus ). In addition, phylogenetic networks can reveal the existence of putative hybrid species. For example, a phylogenomic analysis of geese suggested that Red-breasted Goose (Branta ruficollis) might be of hybrid origin (Ottenburghs et al. 2017b) , although this finding needs to be confirmed with further analyses (Ottenburghs 2018) . These examples support the notion that avian phylogenetics might shift from trees to networks.
Multispecies hybridization as an evolutionary stimulus?
The advent of genomic data in combination with powerful statistical tools to detect interspecific gene flow has shown that introgression is often an integral component of species diversification and evolution (Rheindt and Edwards 2011; Ottenburghs et al. 2017a ). The introgressed genetic material might confer an adaptive advantage to the recipient species, either in the form of increased genetic variation (Hedrick 2013) or the exchange of beneficial alleles (i.e., adaptive introgression, Arnold and Kunte 2017).
In his book on introgressive hybridization, Edgar Anderson (1949) already stated that "raw material brought in by introgression must greatly exceed the new genes produced directly by mutation. " Indeed, apart from standing genetic variation and de novo mutations, introgression is a third source of adaptive variation (Hedrick 2013) . The amount of standing genetic variation is a function of past effective population size, while the rate of mutation is a function of present population size. Introgression can be an almost instantaneous source of new adaptive variation or it can fuel the pool of standing genetic variation to be utilized later on. Regardless of the timeframe, adaptive introgression results in the transfer of beneficial alleles and associated phenotypes (Arnold and Kunte 2017) . This has been observed in several plant genera (Suarez-Gonzalez et al. 2018) , such as Helianthus (Whitney et al. 2006 (Whitney et al. , 2010 (Whitney et al. , 2015 , Iris (Martin et al. 2006) and Senecio (Kim et al. 2008) . In animals, examples of adaptive introgression include the transfer of mimicry patterns in butterflies (Dasmahapatra et al. 2012; PardoDiaz et al. 2012; Enciso-Romero et al. 2017) , rodenticide resistance in mice (Song et al. 2011) , coat colour in wolves (Anderson et al. 2009 ) and snowshoe hares (Jones et al. 2018) . Finally, adaptive introgression has probably also affected the evolution of humans through gene flow from Neanderthals (Racimo et al. 2015) and Denisovans (Huerta-Sánchez et al. 2014 ).
In birds, adaptive introgression has been documented as well. In Darwin's finches, introgressive hybridization probably contributed to the evolution of beak morphology (Lamichhaney et al. 2015) . And introgression between Saltmarsh (Ammodramus caudacutus) and Nelson's Sparrow (A. nelsoni) might have facilitated adaptation to tidal marshes (Walsh et al. 2018) . Other candidates for adaptive introgression can be revealed by mito-nuclear discordance, i.e. mitochondrial and nuclear loci that show distinct evolutionary histories (Toews and Brelsford 2012) . These patterns are often the outcome of selection on introgressed mitochondrial variants (Bonnet et al. 2017) . For example, in the Yellow-rumped Warbler (Setophaga coronata) complex, the Audubon's Warbler (subspecies auduboni) is probably a hybrid species between Myrtle Warbler (subspecies coronata) and Black-fronted Warbler (subspecies nigrifrons) (Brelsford et al. 2011) . As a result of its hybrid origin, the Audobon's Warbler possesses mtDNA from its two parental species; northern populations have mostly Myrtle-type mtDNA while a small fraction of the southern populations has Black-frontedtype ones. Experiments suggest that the Myrtle-type mitochondria are metabolically more efficient compared to Black-fronted-type ones. Interestingly, Audubon's Warblers are migratory while Black-fronted Warblers are sedentary. Possibly, the more efficient Myrtle-type mitochondria are beneficial for migratory species and were thus under positive selection in the Audubon's Warblers (Toews et al. 2014) . Adaptive introgression of mtDNA has been suggested in several other avian taxa, but only a few studies assessed selection on the introgressed mtDNA (Irwin et al. 2009a; Dong et al. 2014; Pons et al. 2014; Battey and Klicka 2017; Morales et al. 2017; Shipham et al. 2017) .
Species might thus occasionally benefit from introgression. When multiple lineages are interbreeding, the adaptive alleles can flow in from multiple sources. This is nicely illustrated by a recent study on the diversification and domestication of the bovine genus Bos (Wu et al. 2018) . Comparing the genomes of members of this genus-which includes taurine cattle, zebu, gayal, gaur, banteng, yak, wisent and bison-revealed complex patterns of introgression between several species. Interestingly, both gayal and bali cattle received genes from zebu cattle through introgressive hybridization. In both cases, the introgressed genes were related to a decrease in anxiety-related behaviour and could have played a role in the domestication of these animals. This example illustrates how multispecies hybridization could facilitate the distribution of potentially adaptive variation. To my knowledge, such a study has not been done in an avian system yet.
The genomic landscape of multispecies hybridization
Hybridization is tightly linked with speciation (Abbott et al. 2013) . The origin of new species is mostly seen as the build-up of reproductive isolation and the consequent demise of hybridization (Coyne and Orr 2004) . A genomic perspective on this process (Seehausen et al. 2014) in combination with the genic view of speciation (Wu 2001) has revealed that introgression is variable across the genome; some loci are freely exchanged between hybridizing species whereas other loci are not able to cross species boundaries (Payseur 2010 ). The latter loci are potentially involved in reproductive isolation and might-because they are immune to the homogenizing effects of gene flow-accumulate genetic differentiation over time. The result will be a genomic landscape with 'islands of differentiation' within a sea of neutral variation (Wolf and Ellegren 2017) . However, these genomic islands can also arise because of processes unrelated to differential gene flow, such as background selection, linked selection or positive selection in allopatry (Cruickshank and Hahn 2014; Burri 2017).
Reproductive isolation mechanisms need not be the same between different hybridizing species. For instance, in the Drosophila melanogaster group, the subspecies biauraria and triauraria are partially reproductively isolated by prezygotic isolation, whereas reproductive isolation between triauraria and quadraria is largely the outcome of postzygotic isolation mechanisms (Coyne and Orr 1997) . In birds, such detailed studies have not been performed yet, but the nature of reproductive isolation can be characterized in several avian species groups (Price and Bouvier 2002; Lijtmaer et al. 2003; Campagna et al. 2018) . These settings provide an excellent opportunity to study the evolution of reproductive isolation in closely related species. It remains to be determined how species that originate from the same genetic source (i.e. their common ancestor) can develop drastically different reproductive isolation mechanisms and how this consequently shapes the genomic landscape of differentiation. Moreover, introgression between certain species might contribute to increased divergence and reproductive isolation between those species and other related species (Sun et al. 2018) .
Most studies characterized genomic landscapes by focusing on two hybridizing species (Wolf and Ellegren 2017; Delmore et al. 2018; Irwin et al. 2018) . But studying the evolution of genomic landscapes in the context of multiple hybridizing species can provide important insights. For example, several crow species (Corvus) hybridize in Europe and Asia. Genomic analyses of the European hybrid zone-between Carrion Crow (C. corone) and Hooded Crow (C. cornix)-uncovered genomic islands of differentiation harbouring genes involved in pigmentation and visual perception, suggesting a role in premating isolation (Poelstra et al. 2014) . Genomic analyses of the Asian hybrid zone-between Hooded Crow and Eastern Carrion Crow (C. orientalis)-also revealed the clustering of pigmentation genes in genomic islands. However, the location of the genomic islands was specific to each hybrid zone (Vijay et al. 2016) . A similar study on three hybridizing woodpecker species-Red-breasted (Sphyrapicus ruber), Red-naped (S. nuchalis) and Yellowbellied Sapsucker (S. varius)-reported a candidate locus for plumage colour that might be involved in reproductive isolation (Grossen et al. 2016 ). Contrary to the crow system, however, this locus was not located within a genomic island of differentiation. These examples suggest that the build-up of the genomic landscape is to some extent predictable, but contains a certain amount of contingency.
Conclusions
Hybridization is generally studied in the context of species pairs, although multiple species might be interbreeding. Hence, a multispecies perspective on hybridization is warranted. In birds, an animal group prone to hybridization (Grant and Grant 1992; Price 2008; Ottenburghs et al. 2015) , multispecies hybridization is common. However, hybridization does not necessarily result in introgression. A broad range of tools are available to infer interspecific gene flow. The majority of these tools can be transferred to a multispecies setting. Specifically, model-based approaches and phylogenetic networks are promising in the detection and characterization of multispecies introgression. At the moment, we know that introgression is relatively common across the avian Tree of Life, but we do not have an estimate of how often introgression is adaptive (Arnold and Kunte 2017; Ottenburghs et al. 2017a ). In addition, when multiple species are interbreeding, the impact on the build-up of reproductive isolation, adaptation to novel environments and the architecture of genomic landscapes remains elusive. Studying hybridization between multiple species and applying new network approaches will lead to important insights into the history of life on this planet.
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